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Risk
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Has multiple uses and interpretation

Common definitions: 

- Risk = hazard x exposure

- Risk = hazard x exposure x vulnerability

If one factor increases, the risk increases

Hazard: 
source of harm

Exposure: 
presence of people, etc.

Vulnerability: 
susceptibility

=
Resilience?

Rare storm or climate change?

One house or a whole city?



Resilience is a buzzword (OK, now it’s AI, but…)
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Generic definition of Resilience:

“The ability of a socio-technical-environmental system 
to sustain, improve and innovate its key functions – 
through absorbing, reacting to, recovering from, 
adapting to or reorganizing – in response to chronic 
stresses, abrupt shocks, and disruptions.”

Scoping review (Steinmann et al., 2024):

- 6400+ papers mentioning Resilience and Socio-
Ecological or Socio-Technical System

- Less than 10% defines Resilience and gives a 
quantitative approach for it



Resilience metrics

4

Scoping review (Steinmann et al., 2024):

- Resilience metrics are mostly adaptation 
of return time

- Measures length of recovery or area 
under the curve

- This is the response

- How is it resilience?



Resilience is multi-faceted
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Generic definition of Resilience:

“The ability of a socio-technical-environmental system 
to sustain, improve and innovate its key functions – 
through absorbing, reacting to, recovering from, 
adapting to or reorganizing – in response to chronic 
stresses, abrupt shocks, and disruptions.” Of what?

To what?

For whom?

For when and where?

Why?

At what costs or trade-offs?



System complexity
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What is the relevant level of detail to include?

Picture courtesy of Stella Libre



Possible mechanisms underlying resilience (1)
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Distinguish between different mechanisms (Fonteijn et al., 2022)

- Not ‘the truth’, but to illustrate we must think about multiple underlying mechanisms



Possible mechanisms underlying resilience (2)
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Feedback

Physical barrier

Storage buffer

Group diversity

Individual diversity

Dispersion (reaction-diffusion)

Evolutionary mechanisms

Strategic behaviour

Adaptation

Learning

Response diversity in institutions (Walker 
et al., 2023)

Transformability: foresee disasters and 
their impact and prepare (Levin et al., 2022)

Ten Broeke & Van Voorn (unpublished)



Resilience assessment example (1)

Determine viewpoint: e.g., world bank wants to invest in local smallholder farms

System description: e.g., smallholders, trade networks, consumers

Vulnerable groups: e.g., households depending on local foods

Relevant perturbations: e.g., droughts, pests, price fluctuations, war
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Resilience assessment example (2)

10

Determine indicator(s) for each ‘cell’, e.g., profitability for smallholder farms

Indicate vulnerability, e.g., smallholder farms have low education and financial buffers

Impacts (can be net positive or negative), e.g., improved profitability but increased inequality



Resilience trade-offs

For networks, information theory gives: 
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Efficiency, ascendency

Capacity Reserve, buffer

𝐶 = 𝐴 +Φ

Food web:  𝐴 ↓; Φ ↑

Food chain:  𝐴 ↑; Φ ↓

Social behaviour may create or delete potential links (Van Voorn et al., 2020)



Quantifying resilience: modelling mechanisms
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Ten Broeke & Van Voorn (unpublished)



Statements about resilience to feed the discussion

Resilience

§ Is NOT a metallic spring

§ Is NOT a ball rolling in a cup

§ Is NOT generic and hence cannot be generically improved

§ Is NOT free: there is ALWAYS a trade-off or associated cost

§ Must be ‘disentangled’ along multiple viewpoints and mechanisms

§ IS a social construct

§ IS specific and can only be specifically improved at an expense
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